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(54) Vehicular automatic transmission 

(57) The present invention is intended to reduce the 
weight and size of a speed-change mechanism by 
shortening a high -torque transmission system and to 
attenuate speed-change shock by reducing an inertia 
torque in a multi-stage vehicular automatic transmis- 
sion. For this purpose, a vehicular automatic transmis- 
sion is equipped with a planetary gear set that receives 
a decelerated rotation and a non-decelerated rotation 
as inputs and outputs a plurality of speed-change rota- 
tions, a reduction planetary gear, an input shaft that 
passes through an inner side of the planetary gear set, 
first and third clutches that couple the input shaft to two 
different speed-change elements of the planetary gear 
set respectively through the reduction planetary gear in 
an engageable and disengageable manner, and a sec- 
ond clutch that couples the input shaft to the other 
speed-change element of the planetary gear set in an 
engageable and disengageable manner. The reduction 
planetary gear and the third clutch for transmitting a 
high torque are arranged on one side of the planetary 
gear set, whereas the first clutch for transmitting a high 
torque is arranged on the other side of the planetary 
gear set. 
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Description 

1. Field of the Invention 

5 [0001] The present invention relates to an automatic transmission that is installed in a vehicle and, more particu- 
larly, to arrangement of various components of a speed-change mechanism of a gear train of the transmission. 

2. Description of the Related Art 

10 [0002] Demands for a multi-staged design have been placed on automatic transmissions not only to secure drive- 
ability but also to make an improvement in fuel consumption, which is indispensable to the conservation of energy. In 
order to satisfy such demands, the number of clutches and brakes and the number of speed-change elements per 
speed-change stage of a gear train need to be further reduced. Hence, U.S.R 5,106,352 proposes a gear train that 
employs a planetary gear set composed of a minimum possible number of speed-change elements and establishes six 

is forward speeds and one backward speed by means of three clutches and two brakes for operating the planetary gear 
set. In the gear train according to this proposal, three clutches are used to suitably input an engine output rotation and 
a decelerated rotation thereof to a planetary gear set composed of four speed-change elements of the transmission as 
two different rotations, and two brakes are used to control stopping of two speed-change elements. In this manner, the 
gear train achieves multi-staged six speeds. 
20 [0003] The six-speed automatic transmission of the aforementioned related art necessitates, as its feature, two 
clutches for transmitting an input that has been decelerated through a reduction planetary gear to two different speed- 
change elements of the planetary gear set respectively. Although this construction makes it possible to obtain favorable 
gear ratios of six speeds, it is necessary to secure torque capacities of the two clutches and power transmitting mem- 
bers thereof, namely, a high-torque transmission system for the purpose of transmitting a torque that has been amplified 
25 through deceleration. 

[0004] Further, because of a characteristic of the gear train, the two clutches for inputting of decelerated rotation 
rotate at a high speed at a certain speed-change stage. Therefore, the rigidity of those clutches must be further reduced 
not only to transmit a high torque but also to stand high-speed rotation. In this respect according to the construction of 
the related art, since the two clutches for inputting of decelerated rotation are arranged on one side of the planetary 
30 gear set, a member coupling one of the clutches to the planetary gear set passes through an outer space of the other 
clutch. If such a member is arranged on the outer space of the other clutch, the centrifugal force resulting from high- 
speed rotation further increases. The rigidity of the member coupling one of the clutches to the planetary gear set 
needs to be further enhanced, which causes an increase in size and weight. 

[0005] If the high-torque transmitting member that rotates together with the planetary gear set becomes long and 
35 heavy, the inertia torque increases correspondingly. Therefore, the speed-change controllability deteriorates and 
speed-change shock may be caused. 

SUMMARY OF THE INVENTION 

40 [0006] The present invention has been made in consideration of such circumstances. It is an object of the present 
invention to provide a vehicular automatic transmission wherein the enlargement of the mechanism resulting from a 
multi-staged design is averted and the speed-change controllability is enhanced through reduction in weight and size 
of a high-torque transmission system by using ingenuity in arrangement of two clutches for inputting of decelerated rota- 
tion with respect to a planetary gear set. 

45 [0007] This object is achieved by a vehicular automatic transmission according to be patent claim 1 . 

[0008] In this construction, the first and third clutches are arranged on opposed sides of the planetary gear set The 
length of transmission members extending from the first and third clutches to the speed-change elements of the plan- 
etary gear set can be minimized. Thereby the high-torque transmitting member that rotates together with the planetary 
gear set can be shortened, so that the transmission can be reduced in weight. Also, since the inertia can be made 

so small, the speed-change controllability is enhanced. 

[0009] According to claim 2, it is advantageous that an output element of the reduction planetary gear passes 
through the inner space of the planetary gear set and is connected to the first clutch. 

[0010] According to this construction, the output member of the reduction planetary gear is connected to the first 
clutch through the inner space of the planetary gear set, whereby compact coupling can be realized. Also, since the 
55 high-torque transmitting member is not enlarged in diameter, the centrifugal force is reduced and the overall weight can 
be reduced correspondingly. Also, since the inertia can be made small, the speed-change controllability is enhanced. 
[0011] Moreover, according to claim 3, it is advantageous wherein the planetary gear set is equipped with at least 
four speed-change elements, that the first speed-change element is connected to the reduction planetary gear by the 
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first clutch in an engageable and disengageable manner, wherein the second speed-change element is connected to 
the reduction planetary gear by the third clutch in an engageable and disengageable manner and can be engaged to a 
transmission casing by first engage means, wherein the third speed-change element is connected to the input shaft by 
a second clutch in an engageable and disengageable manner and can be engaged to the transmission casing by sec- 
ond engage means, and wherein the fourth speed-change element is connected to an output member. 
[0012] According to this construction, the six-speed automatic transmission achieving the aforementioned effect 
can be realized with a small number of speed-change elements. 

[0013] Further, according to claim 4, it is advantageous that a clutch drum of the first dutch is arranged such that 
an opening side thereof faces the planetary gear set and is connected to an output member of the reduction planetary 
gear. 

[0014] According to this construction, the clutch drum of the first clutch is connected to the output member of the 
reduction planetary gear, so that the clutch drum of the first clutch can be arranged on the input shaft without the inter- 
vention of other components. Thus, the number of seal rings that are required to prevent leakage of the oil passage for 
supplying a hydraulic pressure to the hydraulic servo within the drum can be reduced. 

[0015] Further, according to claim 5, it is advantageous that a frictional member of the third clutch is arranged on 
an outer space of the reduction planetary gear and wherein a clutch drum of the third clutch is connected to an input 
member for the planetary gear set. 

[0016] Further, according to this construction, since the frictional member is arranged on the outer space of the 
reduction planetary gear, the axial length of the transmission can be reduced. 

[001 7] It is advantageous that, according to claim 6 one element of the reduction planetary gear is constantly fixed 
to a boss portion that is elongated from the transmission casing and wherein a hydraulic servo for the third clutch is 
arranged on a boss portion on one side of the reduction planetary gear. 

[0018] According to this construction, the hydraulic servo is arranged on the boss portion of the transmission cas- 
ing, whereby it becomes possible to reduce the number of seal rings. Also, since one member is commonly used to fix 
one element of the reduction planetary gear and to secure an oil passage leading to the third clutch, the transmission 
can be made small in size. 

[0019] Alternatively, according to claim 7 it is possible to adopt a structure wherein the hydraulic servo for the third 
clutch is arranged on an input shaft on the other side of the reduction planetary gear and wherein the clutch drum of the 
third clutch is connected to the output member of the reduction planetary gear. 

[0020] According to the construction, the hydraulic servo for the third clutch can directly be arranged on the input 
shaft. Therefore, the number of seal rings that are required to prevent leakage of the oil passage for supplying a hydrau- 
lic pressure from the input shaft to the hydraulic servo can be reduced. 

[0021 ] Further, according to claim 8 it is also advantageous that the frictional member of the third clutch is arranged 
on an outer side of the hydraulic servo for the third clutch. 

[0022] According to this construction, the frictional member and the hydraulic servo are arranged in an overlapping 
manner, whereby the axial length of the transmission can be reduced: 

[0023] Moreover, according to claim 9 it is advantageous that the second clutch, which couples the input shaft to 
the other speed-change element of the planetary gear set in an engageable and disengageable manner, is arranged 
on the other side of the planetary gear set with respect to the first and third clutches. 

[0024] According to this construction, the second clutch is not interposed between the first or third clutch and the 
planetary gear set. Thus, the length of the member coupling the first or third clutch to the planetary gear set can be 
reduced. 

[0025] Further, according to claim 10 it is also advantageous that the frictional members of the first through third 
clutches are arranged on outer peripheries of other rotational members. 

[0026] According to this construction, the respective frictional members of the first through third clutches are 
arranged on outer peripheries of other components. Thus, axial space for arrangement of the frictional members can 
be reduced, whereby the axial length of the transmission can be reduced. 

[0027] To be more specific, according to claim 11 it is advantageous that the frictional member of the first clutch is 
arranged on the outer space of the planetary gear set wherein the frictional member of the second clutch is arranged 
on the outer space of the hydraulic servo for the first clutch, and wherein the frictional member of the third clutch is 
arranged on the outer space of the reduction planetary gear. 

[0028] According to this construction, while the frictional members of the respective clutches are arranged in the 
vicinity of the corresponding hydraulic servos, the axial length of the transmission can be reduced. 
[0029] Moreover, according to claim 12 it is advantageous that a hydraulic servo for a second brake is arranged on 
the outer space of the hydraulic servo for the second clutch. 

[0030] According to this construction, the hydraulic servo for the second brake can be arranged on the outer side 
of the second clutch without the necessity to provide a space for axial arrangement Therefore, the axial length of the 
transmission can further be reduced. 
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[0031 ] Further, according to claim 13 it is advantageous that the vehicular automatic transmission is a transversely 
mounted transmission having a differential device and wherein a differential ring gear of the differential device is 
arranged at a location axially overlapping with the outer of the hydraulic servo for the third clutch and the f rictional mem- 
ber of the third clutch. 

[0032] According to this construction, in the case of constructing a transmission equipped with a differential device, 
it is possible to prevent the large-diameter ring gear from interfering with the speed-change mechanism and to enhance 
a degree of freedom in setting differential ratios. 

[0033] Further, according to claim 14 it is also advantageous that the third clutch and the reduction planetary gear 
are arranged on a front side and the first and second clutches are arranged on a rear side with respect to the planetary 
gear set and wherein a first brake is arranged on the outer space of the third clutch. 

[0034] According to this construction,, the first brake can be arranged on the outer space of the third clutch. Thus, 
there is no need to complicate arrangement of the first brake, so that the transmission can be made compact. 
[0035] Further, according to claim 15 it is also advantageous that the first brake be designed as a band brake. 
[0036] According to this construction, the first brake is designed as a band brake. Therefore, the transmission can, 
be reduced in diameter. 

[0037] Further, according to claim 16 it is also advantageous that an oil passage leading to the hydraulic servo for 
the third clutch and a lubricating oil passage communicate with an in-casing oil passage in one casing wall and wherein 
oil passages leading to the hydraulic servos for the first and second clutches communicate with an in-casing oil passage 
in the other casing wall. 

[0038] According to this construction, the oil passages can be arranged in the transmission casing in good balance. 
Thus it is possible to prevent centralization of the oil passages within the casing and to enhance a degree of freedom 
in designing the oil passages. 

[0039] Further, according to claim 17 it is also advantageous that a counter gear outputting an output of the plane- 
tary gear set to another shaft is provided and wherein the counter gear is arranged between the planetary gear set and 
the third clutch. 

[0040] According to this construction, in the case where the transmission outputs its output from the counter gear 
thereof, the counter gear is arranged between the planetary gear set and the third clutch, whereby the first clutch can 
be arranged adjacent to the planetary gear set. The first clutch rotates at a higher speed than the third clutch. Hence, 
by minimizing the length of the high-speed rotational member, the transmission can be reduced in weight and the 
speed-change controllability is also enhanced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0041] The foregoing and further objects, features and advantages of the present invention will become apparent 
from the following description of preferred embodiments with reference to the accompanying drawings, wherein: 

Fig. 1 is a skeleton view showing, in an expanded manner, a gear train of a vehicular automatic transmission 
according to a first embodiment of the present invention; 

Fig. 2 is an axial end face view showing an actual positional relationship among three shafts of the gear train; 
Fig. 3 is a chart showing operation of the gear train, gear ratios that are established, and gear ratio steps; 
Fig. 4 is a speed diagram of the gear train; 

Fig. 5 is a schematic sectional view showing only a main shaft section of the gear train; 

Fig. 6 is a schematic sectional view of a main shaft section according to a second embodiment wherein a reduction 
planetary gear of the gear train is modified; 

Fig. 7 is a schematic sectional view of a main shaft section according to a third embodiment wherein the arrange- 
ment of a hydraulic servo for a second brake of the gear train is modified; 

Fig. 8 is a schematic sectional view of a main shaft section according to a fourth embodiment wherein a hydraulic 
servo for a third clutch of the gear train and the reduction planetary gear are positionally switched to each other; 
Fig. 9 is a schematic sectional view of a main shaft section according to a fifth embodiment wherein the gear train 
is inverted in fore-to-aft directions with respect to the gear train of the first embodiment; 

Fig. 10 is a schematic sectional view of a main shaft section according to a sixth embodiment wherein the hydraulic 
servo for the third clutch and the reduction planetary gear are positionally switched to each other as compared to 
the fifth embodiment; 

Fig. 1 1 is a skeleton view of a gear train according to a seventh embodiment wherein the present invention is 
applied to a vertically mounted vehicular automatic transmission; 

Fig. 12 is a chart showing operation of the gear train of the seventh embodiment, gear ratios that are established, 
and gear ratio steps; 

Fig. 13 is a speed diagram of the gear train of the seventh embodiment; 




Fig. 14 is a schematic sectional view of the gear train of the seventh embodiment; 

Fig. 1 5 is a schematic sectional view of the gear train according to an eighth embodiment wherein the third clutch 
and the reduction planetary gear are positionally switched to each other as compared to the seventh embodiment; 
Fig. 16 is a schematic sectional view of the gear train according to a ninth embodiment wherein the hydraulic servo 
5 for the third clutch is supported on a support unlike the case of the eighth embodiment; 

Fig. 1 7 is a schematic sectional view of the gear train according to a tenth embodiment wherein the second clutch 
is shifted in position as compared to the ninth embodiment; and 

Fig. 18 is a schematic sectional view of the gear train according to an eleventh embodiment wherein the first and 
third clutches are arranged adjacent to the planetary gear set in a gradual manner. 

10 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



[0042] Embodiments of the present invention will be described hereinafter with reference to the drawings. Fig. 1 is 
a skeleton diagram showing a gear train of a vehicular automatic transmission according to a first embodiment of the 

15 present invention, with shafts thereof being deployed in a common plane. Fig. 2 shows an actual positional relationship 
among the shafts as viewed from an end face of the automatic transmission. This automatic transmission is designed 
as a horizontal transaxie composed of three shafts, with respective elements being arranged on a main shaft X, a coun- 
ter shaft Y and a differential shaft Z. A speed-change mechanism on the main shaft X is equipped with a planetary gear 
set G, a reduction planetary gear G1, an input shaft 1 1 , a first clutch (C-1), a third clutch (C-3) and a second clutch (C- 

20 2). The planetary gear set G receives a decelerated rotation and a non-decelerated rotation as inputs and outputs a plu- 
rality of speed-change rotations. The reduction planetary gear G1 is arranged in juxtaposition with the planetary gear 
set G in the axial direction. The input shaft 1 1 passes through an inner side of the planetary gear set G. The first and 
third clutches (C-1 , C-3) couple the input shaft 1 1 to two different speed-change elements S3, S2 through the reduction 
planetary gear G1 in an engageable and disengageable manner. The second clutch (C-2) couples the input shaft 1 1 to 

25 the other speed -change element C2 (C3) of the planetary gear set G in an engageable and disengageable manner. 
[0043] The planetary gear set G is equipped with four speed-change elements S2, S3, C2 (C3) and R2 (R3). The 
first speed-change element S3 is connected to the reduction planetary gear G1 by the first clutch (C-1) in an engagea- 
ble and disengageable manner. The second speed-change element S2 is connected to the reduction planetary gear G1 
by the third clutch (C-3) in an engageable and disengageable manner, and can be engaged to a transmission casing 

30 10 by first engage means, which is a brake or a one-way dutch in parallel with the brake, third speed-change element 
C2 (C3) is connected to the input shaft 1 1 by the second clutch (C-2) in an engageable and disengageable manner and 
can be engaged to the transmission casing 1 0 by second engage means, which is a brake or a one-way clutch in par- 
allel with the brake. The fourth speed-change element R2 (R3) is connected to an output member. 19. In the gear train 
shown in the drawing, a one-way clutch (F-1) is arranged in parallel with a brake (B-2). The one-way clutch (F-1) is used 

35 to avoid complicated hydraulic pressure control for interchange of the brake (B-2) and a brake (B-1) and to simplify 
release control of the brake (B-2). In response to engagement of the brake (B-1 ), the one-way clutch (F-1) automatically 
releases an engaging force. The one-way clutch (F-1) is an equivalent of the brake (B-2). 

[0044] The gear train of this embodiment will be described hereinafter in further details. A torque converter 4 that 
is provided with a lock-up clutch for transmitting a rotation of an engine (not shown) to the input shaft 1 1 is arranged on 

40 the main shaft X. A counter gear 2 is arranged on the counter shaft Y. Arranged in the counter gear 2 are a large-diam- 
eter counter driven gear 21 that is fixed to a counter shaft 20 and meshes with a counter drive gear 19, and a small- 
diameter differential drive pinion gear 22 that is also fixed to the counter shaft 20 and meshes with a differential ring 
gear 31 . An output from the side of the main shaft X is decelerated and inverted by the large-diameter counter driven 
gear 21 and the small -diameter differential drive pinion gear 22 and then transmitted to a differential device 3. The dif- 

45 ferential device 3 is arranged on the differential shaft Z. In the differential device 3, a differential casing 32 is fixed to the 
differential ring gear 31. A differential rotation of a differential gear arranged in the differential casing 32 is outputted to 
left and right axles 30 and used as a resultant wheel driving force. 

[0045] The planetary gear set G has a construction of a Ravigneaux type gear set, which is composed of a pair of 
sun gears S2 t S3, a ring gear R2 (R3), a pair of pinion gears P2, P3 and a carrier C2 (C3). The diameter of the sun gear 

so S2 is larger than the diameter of the sun gear S3. The pinion gears P2, P3 mesh with each other. One of the pinion 
gears P2, P3 meshes with the large-diameter sun gear S2 and the ring gear R2 (R3), and the other of the pinion gears 
P2, P3 meshes with the small-diameter sun gear S3. The carrier C2 (C3) supports the pinion gears P2, P3. In this 
embodiment, the small -diameter sun gear S3 is the first speed-change element, the large-diameter sun gear S2 is the 
second speed-change element, the carrier C2 (C3) is the third speed-change element, and the ring gear R2 (R3) is the 

55 fourth speed-change element. The reduction planetary gear G1 has a simple planetary construction composed of three 
elements, namely, a sun gear S1, a carrier C1 for supporting a pinion gear meshing with the sun gear S1, and a ring 
gear R1 meshing with the pinion gear. 

[0046] The first speed-change element of the planetary gear set G, namely, the small -diameter sun gear S3 is con- 
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nected to the first clutch (C-1). The second speed-change element of the planetary gear set G, namely, the large-diam- 
eter sun gear S2 is connected to the third clutch (C-3) and can be engaged to the automatic transmission casing 10 by 
a first brake (B-1) that is composed of a band brake. The carrier C2 (C3), which is the third speed-change element is 
connected to the input shaft 1 1 through the second clutch (C-2) and can be engaged to the transmission casing 10 by 

5 a second brake (B-2). Besides, the carrier C2 (C3) can be engaged to the transmission casing 1 0 by the one-way clutch 
(F-1) such that the carrier C2 (C3) can rotate in a single direction. The fourth speed-change element, namely, the ring 
gear R2 (R3) is connected to the counter drive gear 19. The sun gear S1 of the reduction planetary gear G1 is con- 
stantly fixed to the transmission casing 10. The reduction planetary gear G1 is connected to the input shaft 1 1 , with the 
ring gear R1 serving as an input element. Also, the reduction planetary gear G1 is connected to the planetary gear set 

io G through the first clutch (C-1) and the third clutch (C-3), with the carrier C1 serving as an output element 

[0047] The automatic transmission having such a construction performs a speed-change operation based on a 
vehicle load and a vehicle speed and within the scope of a speed-change stage corresponding to a range selected by 
a driver, through control by means of a hydraulic pressure control device and an electronic control unit (not shown). Fig. 
3 is a graphic chart showing speed-change stages that are established by engaging and releasing respective clutches 

75 and brakes (a white circle represents engagement, and a blank represents release). Fig. 4 is a speed diagram showing 
a relationship between speed-change stages that are established by engaging the respective clutches and brakes (a 
black circle represents engagement thereof) and corresponding speed ratios of the respective speed-change elements. 
Referring to Fig. 4, longitudinal axes represent the respective elements of the reduction planetary gear G1 and the 
respective speed-change elements of the planetary gear set G. The widths of the respective longitudinal axes in the 
20 transverse direction represent a relationship among gear ratios. The longitudinal positions represent speed ratios. For 
example, if the sun gear SI of the reduction planetary gear Gl is fixed (speed ratio 0) and an input (speed ratio 1) is 
supplied to the ring gear Rl, a decelerated rotation (speed ratio corresponding to an intersection of a line that connects 
a point indicative of the speed ratio 0 of the sun gear S1 to a point indicative of the speed ratio 1 of the ring gear Rl with 
a longitudinal line that represents the carrier Cl) is outputted to the carrier C1. This decelerated rotation is inputted to 
25 the sun gear S3 of the planetary gear set G by engaging the first clutch (C-1). Also, when the carrier C2 (C3) is engaged 
(speed ratio 0) by engaging the second brake (B-2), a decelerated rotation of a first speed (1ST) is outputted to the ring 
gear R3 (R2), and the sun gear S2 idle-rotates reversely (speed ratio -) with respect to the sun gear S3 and the rina 
gear R3 (R2). 

[0048] As can be understood by referring to both the drawings, the first speed (1 ST) is established by engaging the 
30 clutch (C-1) and the brake (B-2) (In this embodiment, as can be understood by referring to the operational chart, the 
one-way clutch (F-1 ) is automatically engaged instead of engaging the brake (B-2). It will be explained later in detail why 
the one-way clutch (F-1) is engaged in this case and why the engagement of the one-way clutch (F-1) corresponds to 
the engagement of the brake (B-2)). In this case, referring to Fig. 1 , the rotation that has been decelerated from the input 
shaft 1 1 through the reduction planetary gear G1 is inputted to the small-diameter sun gear S3 through the clutch (C- 
35 1). A reaction force is gained from the carrier C2, C3 that has been stopped by engaging the one-way clutch (F-1) f and 
a decelerated rotation with a maximum deceleration ratio of the ring gear R2 (R3) is outputted to the counter drive gear 
19. 

[0049] Next, a second speed (2ND) is established by engaging the clutch (C-1) and the brake (B-1). In this case, 
the rotation that has been decelerated from the input shaft 1 1 through the reduction planetary gear G1 is inputted to the 
40 small<liameter sun gear S3 through the clutch (C-1). A reaction force is gained from the large-diameter sun gear S2 
that has been stopped by engaging the brake (B-1). and a decelerated rotation of the ring gear R2 (R3) is outputted to 
the counter drive gear 19. At this moment, as can be seen from Fig. 4, the deceleration ratio is smaller than that of the 
first speed (1ST). 

[0050] Further, a third speed (3RD) is established by simultaneously engaging the clutch (C-1) and the clutch (C- 
45 3). In this case, the rotation that has been decelerated from the input shaft 1 1 through the reduction planetary gear G1 
is simultaneously inputted to the large-diameter sun gear S2 and the small -diameter sun gear S3 through the clutch (C- 
1) and the clutch (C-3). The planetary gear set G then assumes a direct-coupled state. Thus, the rotation of the ring 
gear R2 (R3), which is equal to the rotation inputted to both the sun gears, is outputted to the counter drive gear 19, as 
a rotation that has been decelerated with respect to the rotation of the input shaft 1 1 . 
so [0051 ] Furthermore, a fourth speed (4TH) is established by simultaneously engaging the clutch (C-1 ) and the clutch 
(C-2). In this case, on one hand, the rotation that has been decelerated from the input shaft 1 1 through the reduction 
planetary gear G1 is inputted to the sun gear S3 through the clutch (C-1). On the other hand, the non-decelerated rota- 
tion that has been inputted from the input shaft 1 1 through the clutch (C-2) is irputted to the carrier C3. An intermediate 
rotation of the two rotations thus inputted is outputted to the counter drive gear 19 as a rotation of the ring gear R2 (R3) 
55 that has been slightly decelerated with respect to the rotation of the input shaft 11. 

[0052] Next, a fifth speed (5TH) is established by simultaneously engaging the clutch (C-2) and the dutch (C-3). In 
this case, on one hand, the rotation that has been decelerated from the input shaft 1 1 through the reduction planetary 
gear G1 is inputted to the sun gear S2 through the clutch (C-3). On the other hand, the non-decelerated rotation that 
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has been Inputted from the input shaft 11 through the clutch (C-2) is inputted to the carrier C2. Thus, a rotation of the 
ring gear R2 (R3) that has been slightly accelerated with respect to the rotation of the input shaft 1 1 is outputted to the 
counter drive gear 19. 

[0053] Then, a sixth speed (6TH) is established by engaging the clutch (C-2) and the brake (B-1). In this case, a 
5 non-decelerated rotation is inputted only to the carrier C2 from the input shaft 11 through the clutch (C2). A further 
accelerated rotation of the ring gear R2 (R3), which gains a reaction force from the sun gear S2 that has been stopped 
by engaging the brake (B-1), is outputted to the counter drive gear 19. 

[0054] A reverse speed (REV) is established by engaging the clutch (C-3) and the brake (B-2). In this case, the rota- 
tion that has been decelerated from the input shaft 1 1 through the reduction planetary gear G1 is inputted to the sun 

10 gear S2 through the clutch (C-3). A reverse rotation of the ring gear R2 (R3), which gains a reaction force from the car- 
rier C2 that has been stopped by engaging the brake (B-2), is outputted to the counter drive gear 19. 
[0055] As described above briefly, the relationship between the one-way clutch (F-1) and the brake (B-2) will now 
be described. As can be seen from the relationship of engagement and release of the brakes (B-1, B-2) at the time of 
the aforementioned first and second speeds, these two brakes are frictional engagement elements that are, according 

is to what is called, interchanged at the time of up-shift and down-shift operations between the two speed-change stages. 
That is, one of the brakes is released and the other is engaged at the same time. Such an interchange of the frictional 
engagement elements requires simultaneously controlling, with a high precision, an engagement pressure and a 
release pressure of hydraulic servos for operating the frictional engagement elements. In order to perform such control, 
control valves need to be added for this purpose, and the hydraulic circuit becomes complicated. Thus, this embodiment 

20 makes use of the fact that the reaction torque applied to the carrier C2 (C3) at the first speed is reversed with respect 
to the reaction torque applied to the carrier C2 (C3) at the second speed. That is, the direction of engagement of the 
one-way clutch (F-1) is made coincident with the direction of supporting a reaction torque at the time of the first speed, 
whereby the one-way clutch (F-1) performs substantially the same function as engagement of the brake (B-2). For this 
reason, instead of engaging the brake (B-2) at the time of the first speed (However, in a coast running state of the vehi- 

25 cle where the wheels are being driven, the reaction torque applied to the carrier C2 (C3) is reversed in direction with 
respect to a drive state of the engine. Therefore, in order to obtain an engine braking effect, the brake (B-2) needs to 
be engaged as indicated by a white circle in parentheses in Fig. 3.), the carrier C2 (C3) is engaged. Accordingly, in 
terms of establishment of speed-change stages, it is also possible to adopt a construction wherein the first speed is 
established by engaging the brake (B-2) with no one-way clutch being provided. 

30 [0056] The respective speed-change stages that are thus established constitute good speed steps with a substan- 
tially equal interval for the respective speed-change stages. This is qualitatively apparent from the speed diagram of 
Fig. 4 by referring to the intervals among the white circles indicative of speed ratios of the ring gear R2 (R3) in up-and- 
down directions. If this relationship is quantitatively represented by setting concrete values, the gear ratios shown in Fig. 
3 are obtained. In this case, if it is assumed that the ratio XI of the number of teeth of the sun gear S1 to the number of 
35 teeth of the ring gear R1 is set to 44/78, that the ratio X2 of the number of teeth of the sun gear S2, which is the large- 
diameter sun gear of the planetary gear set G, to the number of teeth of the ring gear R2 (R3) is set to 36/78, and that 
the ratio X3 of the number of teeth of the sun gear S3, which is the small-diameter sun gear, to the number of teeth of 
the ring gear R3 is set to 30/78, the following I/O gear ratios are obtained: 

40 first speed (1ST) : (1 + X1)/X3 = 4.067; 



second speed (2ND) : (1 + X1)(X2 + X3)/X3(1 + X2) = 2.354; 



third speed (3RD): 1 + X1 =1.564; 



45 



fourth speed (4TH) : (1 + X1)/(1 + X1 - X1 -X3)« 1.161; 



fifth speed (5TH) : (1 + X1)/(1 + M + X1 • X2) = 0.857; 



so 



sixth speed (6TH): 1/(1 + X2) = 0.684; and 



reverse speed (REV) :- (1 + X1)/X2 = -3.389. 



[0057] 



The steps between the respective gear ratios are as follows: 



55 



between the first and second speeds : 1 .73; 
between the second and third speeds : 1 .51 ; 
between the third and fourth speeds : 1 .35; 
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between the fourth and fifth speeds : 1 .35; and 
between the fifth and sixth speeds : 1.25. 

[0058] Referring back to Fig. 1, according to the features of the present invention, in this gear train, the reduction 
planetary gear G1 and the third clutch (C-3) are arranged on one side of the planetary gear set G, and the first clutch 
(C-1) is arranged on the other side of the planetary gear set G. In this manner, the first clutch (C-1) and the third clutch 
(C-3) are separately arranged on opposed sides of the planetary gear set G. Therefore, the length of the transmission 
member extending from the first clutch (C-1) and the third clutch (C-3) to the speed-change elements S2, S3 of the 
planetary gear set G can be minimized. Accordingly, the length of the high-torque transmission member that rotates 
together with the planetary gear set G can be reduced. As a result, the transmission can be reduced in weight and the 
inertia can be made small, whereby the speed-change controllability is enhanced. 

[0059] Furthermore, the carrier C1 , which is an output element of the reduction planetary gear G1 , passes through 
the inner space of the planetary gear set G and is connected to the first clutch (C-1). Due to this construction, the output 
element of the reduction planetary gear G1 can be connected to the first clutch (C-1) compactly. Also, the diameter of 
the high-torque transmission member is not enlarged. Thus the centrifugal force applied thereto is reduced correspond- 
ingly, and the inertia can be made small. As a result, the speed-change controllability is enhanced. 
[0060] Furthermore, this transmission is equipped with the counter drive gear 1 9 that outputs an output of the plan- 
etary gear set G to another shaft. Hence, the counter drive gear 19 is arranged between the planetary gear set G and 
the third clutch (C-3). Because of this arrangement of the counter drive gear 19, the first clutch (C-1) can be arranged 
adjacent to the planetary gear set G. This arrangement takes into account that the first clutch (C-1) rotates at a higher 
speed than the third clutch (C-3) and thus contributes to the reduction of weight of the transmission by minimizing the 
length of the member that rotates at a high speed. As a result, the speed-change controllability is also enhanced. 
[0061] Next, a reference will be made to Fig. 5, which is a schematic sectional view showing the structure of the 
automatic transmission more specifically. The respective components that have been described above with reference 
to the skeleton diagram are denoted by the same reference numerals and will not be described again. However, it will 
be described herein how the respective clutches and brakes are related to the details that cannot be understood from 
the skeleton diagram, mainly, to the input shaft 11. the planetary gear set G and the reduction planetary gear G1. 
Throughout the present specification, if the clutches and brakes are of a multiple disc type, the terms "clutch" and 
"brake" generally refer to a frictional member composed of a disc designed as an engageable member and a separator 
plate, a drum and a hub designed as a power transmission member for supporting the frictional member by means of 
spline engagement, and a hydraulic servo composed of a return spring, a piston and a cylinder contained in the drum. 
Also, the band-type brake generally refers to a band designed as an engageable member and a hydraulic servo com- 
posed of a cylinder, a piston and a return spring. 

[0062] The input shaft 1 1 is a hollow shaft in which a hydraulic passage for supplying and discharging a servo pres- 
sure and a lubricating oil passage 1 1 r are formed. The input shaft 1 1 is rotatably supported on front end and rear end 
sides thereof by a front-side boss portion 1 0a and a rear-side boss portion 1 0b through bearings respectively. The front- 
side boss portion 10a and the rear-side boss portion 10b extend from the transmission casing 10. The input shaft 1 1 is 
axially supported by thrust bearings that are interposed between flanges 1 1a, 1 1b and leading ends of the boss por- 
tions. The flanges 11a, 1 1b are formed adjacent to respective portions where the input shaft 1 1 is supported by the 
boss portions 10a, 1 0b. 

[0063] The reduction planetary gear G1 , the planetary gear set G and hydraulic servos 7, 6 and 5 for three clutches 
are arranged axially in order on the side of the outer space of the input shaft 1 1 . Frictional members 73, 63, 53 and 93 
of the respective clutches and brakes are arranged on the side of the outer space, radially overlapping with the reduc- 
tion planetary gear G1 , the planetary gear set G and the hydraulic servos 7, 6 and 5. This arrangement intends to 
reduce the axial dimension of the space for arrangement of the frictional members. Moreover, since the frictional mem- 
bers of the respective clutches and brakes are arranged on the side of the outer space, their diameters are increased 
and torque capacities can be gained correspondingly. Accordingly, as for the frictional members 73, 63 that overlap with 
the outer side of the reduction planetary gear G1 and the planetary gear set G, the number of components is reduced 
so as to decrease the axial dimension. Further, the frictional member 53 of the hydraulic servo 5 is arranged on the 
outer side of the hydraulic servo 6 in an overlapping manner. Because the frictional member 63 is arranged on the outer 
side of the planetary gear set G the torque capacity is increased correspondingly and the pressure-receiving surface of 
the hydraulic servo 6 can be made small. Thus, the hydraulic servo 6 is reduced in diameter, whereby it also becomes 
possible to reduce the diameter of the frictional member 53 overlapping with the outer side of the hydraulic servo 6. 
Accordingly, this construction makes it possible to prevent the radial dimension from increasing and to reduce the axial 
dimension to a maximum possible extent. 

[0064] Furthermore, according to this embodiment, the reduction planetary gear G1 is arranged on the front side 
of the speed-change mechanism, whereas the planetary gear set G is arranged on the rear side of the speed-change 
mechanism. The hydraulic servo 7 for the third dutch (C-3) is arranged in front of the reduction planetary gear G1 . The 
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hydraulic servo 6 for the first clutch (C-1) is arranged behind the planetary gear set G. The hydraulic servo 5 for the sec- 
ond clutch (C-2) is arranged behind the hydraulic servo 6 for the first clutch (C-1). The frictional member 63 of the first 
clutch (C-1) is arranged on the outer side of the planetary gear set G in an overlapping manner. The frictional member 
73 for the third clutch (C-3) is arranged on the outer side of the reduction planetary gear G1 in an overlapping manner. 

s The frictional member 53 for the second dutch (C-2) is arranged on the outer side of the hydraulic servo 6 for the first 
clutch (C-1) in an overlapping manner. In this arrangement, the frictional members 63, 73 for the first and third clutches, 
which necessitate a large capacity to transmit a decelerated rotation with an amplified torque, are arranged on the outer 
side of the planetary gear set G and the reduction planetary gear G1 that are arranged at axial positions where the 
restriction on radial dimension is relatively loose. Thereby the frictional members 63, 73 are increased in diameter in 

70 accordance with the torque capacity. The frictional member 53 of the second clutch (C-2), which is allowed to have a 
relatively small torque capacity to directly transmit an inputted rotation, is arranged on the outer side of the hydraulic 
servo 6 for the first clutch (C-1) in an overlapping manner. The first clutch (C-1) is located behind the planetary gear set 
G and has been reduced in diameter in response to an enlargement of diameter of the frictional member 63. Thereby 
there is no frictional member arranged on the outer side of the hydraulic servo 5 for the second clutch (C-2). Thus, in 

75 addition to the fact that the hydraulic servo 5 for the second clutch (C-2) is small in diameter, a small capacity suffices 
for the hydraulic servo 5. As a result, the outer diameter of the rear portion of the speed-change mechanism has been 
reduced significantly. Therefore, according to this construction wherein the outer diameter of the rear end portion of the 
transmission is made small while reducing the axial dimension to a maximum possible extent it is possible to avert inter- 
ference with a vehicle-side member B and to further enhance mountability of the multi-staged transmission to the vehi- 

20 cle. 

[0065] As described previously with reference to the skeleton diagram in Fig. 1 , this transmission has the differential 
ring gear 31 arranged on the differential shaft Z that is parallel to the input shaft 1 1 . Thus, the hydraulic servo 7 for the 
third clutch (C-3) is arranged at a location radially overlapping with the differential ring gear 31 , and the frictional mem- 
ber 73 of the third clutch (C-3) is arranged axially offset from the differential ring gear 31. In this construction, despite 

25 the fact that the outer space of the differential ring gear 31 is inside the speed-change mechanism, the differential ring 
gear 31 does not interfere with the large-diameter portion of the speed-change mechanism. Thus, it is possible to pro- 
vide a great degree of freedom in setting an inter axle distance between the input shaft 1 1 that is designed as the main 
shaft X of the transmission and the differential shaft Z that is parallel to the input shaft 1 1 . Accordingly, it is possible to 
set a good differential gear ratio in accordance with a requirement of the vehicle. 

30 [0066] On the other hand, the reduction planetary gear G1. which has a simple planetary construction arranged 
around the input shaft 1 1 , is arranged on the front side of the speed-change mechanism, with the sun gear S1 designed 
as a reaction force element being fixed to the leading-end outer space of the front-side boss portion 10a and with the 
ring gear R1 designed as an input element being connected to the flange 11a of the input shaft 11. The carrier C1 
designed as an output element is connected to a tubular portion of a decelerated rotation transmitting member 13. The 

35 tubular portion constitutes a hub 74 of the third clutch (C-3). 

[0067] Next the planetary gear set G is supported and held in position at a substantially intermediate portion of the 
input shaft 1 1 , with the sun gears S2, S3 being supported through a bearing on the outer space of the decelerated rota- 
tion transmitting member 13, which is supported by the input shaft 11 through a bearing. The sun gear S2, which is 
designed as the second speed-change element of the planetary gear set G, is connected to a drum 72 of the third clutch 

40 (C-3) by means of a coupling member 14. Further, the sun gear S3 designed as the first speed-change element is con- 
nected to a hub 64 of the first clutch (C-1). Then, the carrier C2 (C3) designed as the third speed-change element is 
connected to a drum 52 of the second clutch and a hub 94 of the second brake (B-2) through an inner race of the one- 
way clutch (F-1). Furthermore, the ring gear R2 (R3) designed as the fourth speed-change element is spline-connected 
to the counter drive gear 19 through a coupling member. 

45 [0068] The hydraulic servo 7 for the third clutch (C-3) is arranged on the front side of the reduction planetary gear 
G1 . The hydraulic servo 7 is equipped with a cylinder 70 rotatably supported on the outer space of the front-side boss 
portion 10a of the transmission casing and a piston 71 contained in the cylinder 70. The outer side of the cylinder 70 is 
enlarged in diameter and elongated so as to constitute a clutch drum 72. A hydraulic pressure is supplied to and dis- 
charged from the hydraulic servo 7 through an in-casing oil passage 10x formed in the front-side boss portion 10a. In 

so the drawing, reference numeral 75 denotes a cancel plate for applying a hydraulic pressure to the back face of the pis- 
ton 71 so as to counterbalance a centrifugal hydraulic pressure, and reference numeral 76 denotes a return spring. 
[0069] The frictional member 73 of the third clutch (C-3) is composed of a multi-plate frictional member disc and a 
separator plate. The inner side of the multi-plate frictional member disc is in spline engagement with the hub 74, and 
the outer side of the multi-plate frictional member disc is in spline engagement with the drum 72. The clutch, which is 

55 clamped between a backing plate that is fixed to the leading end of the drum 72 and a piston 71 that is pressed out of 
the cylinder 70 by supplying the hydraulic servo 7 with a hydraulic pressure, operates to be engaged, whereby a torque 
is transmitted from the hub 74 to the drum 72. 

[0070] The hydraulic servo 6 for the first clutch (C-1) is arranged on the rear side of the planetary gear set G, and 
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is equipped with a cylinder 60 connected to the decelerated rotation transmitting member 13 and with a piston 61 con- 
tained in the cylinder 60. Also in this case, the outer side of the cylinder 60 is enlarged in diameter and elongated so as 
to constitute a clutch drum 62. Accordingly, the clutch drum 62 of the first clutch (C-1) is arranged with an opening side 
thereof being directed toward the planetary gear set G. A hydraulic pressure is supplied to and discharged from the 
hydraulic servo 6 through an oil passage 11c formed in the input shaft 1 1 . The hydraulic servo 6 is also equipped with 
a cancel plate and a return spring, which are denoted by reference numerals 65 and 66 respectively. 
[0071] The frictionai member 63 of the first clutch (C-1) is composed of a multi-plate frictional member disc and a 
separator plate. The inner side of the multi-plate frictional member disc is in spline engagement with the hub 64, and 
the outer side of the multi-plate frictional member disc is in spline engagement with the drum 62. The clutch, which is 
clamped between a backing plate that is fixed to the leading end of the drum 62 and a piston 61 that is pressed out of 
the cylinder 60 by supplying the hydraulic servo 6 with a hydraulic pressure, operates to be engaged, whereby a torque 
is transmitted from the drum 62 to the hub 64. 

[0072] The hydraulic servo 5 for the second clutch (C-2) is arranged behind the hydraulic servo 6 for the first clutch 
(C-1), namely, at the rearmost portion of the speed-change mechanism, with an inner tubular portion 50a of a cylinder 
50 containing a piston 51 being securely supported by the flange portion 1 1b of the input shaft 11, and with a back face 
portion 50b and an outer tubular portion 50c facing a rear end wall 10c and a peripheral wall 10d of the transmission 
casing 10. A hydraulic pressure is supplied to and discharged from the hydraulic servo 6 through an in-casing oil pas- 
sage 10y formed in the rear-side boss portion 10b. In this hydraulic servo, a clutch hub 54 is formed on the outer side 
of a cancel plate 55 defining a cancel chamber, and the frictional member 53 is supported between the hub 54 and the 
drum 52 connected to the carrier. Due to this construction, the input rotation required to control the transmission can 
directly be detected from a rotation of the cylinder 50 of the hydraulic servo 5 for the second clutch (C-2), using a sensor 
S provided in the transmission casing 10. Thus, the input rotation can easily be detected, and there is no need to 
arrange the sensor S inside the speed-change mechanism or to resort to a complicated measure, for example, to per- 
form detection with the aid of special detection means. 

[0073] The frictional member 53 for the second clutch (C-2) is composed of a multi-plate frictional member disc and 
a separator plate. The inner side of the multi-plate frictional member disc is in spline engagement with the hub 54, and 
the outer side of the multi-plate frictional member disc is in spline engagement with the drum 52. The clutch, which is 
clamped between a backing plate that is fixed to the leading end of the hub 54 and a piston 51 that is pressed out of 
the cylinder 50 by supplying the hydraulic servo 5 with a hydraulic pressure, operates to be engaged, whereby a torque 
is transmitted from the hub 54 to the drum 52. 

[0074] The first brake (B-1) is a band brake. A brake band 8 of the band brake is arranged on the outer space of the 
drum 72 of the third clutch (C-3), and the drum 72 serves as a brake drum. Thus, the first brake (B-1) does not neces- 
sitate a space in the axial direction, and is arranged with the radial dimension thereof being hardly increased. A hydrau- 
lic servo for this band brake is located at the same axial position as the brake band 8 and extends in a tangential 
direction with respect to a drum 73. Therefore, this hydraulic servo is not shown in the drawings. 
[0075] As is the case with the respective clutches, the second brake (B-2) has a multi-plate construction. A frictional 
member 93 of the second brake (B-2) is arranged on the outer side of the planetary set G in juxtaposition with the one- 
way clutch (F-1). A hydraulic servo 9 for the second brake (B-2) is provided at a support 10e that is provided substan- 
tially at the center of the transmission casing 10 such that the hydraulic servo 9 incorporates a cylinder containing a pis- 
ton 91. 

[0076] As for supporting of the counter drive gear 19, the gear 19 is supported on the inner space of the support 
10e through a bearing 12. To be more specific, the outer space of the boss portion axially extending along the inner 
space of the counter drive gear 19 is supported through the bearing 12 on the inner space of the support 10e of the 
transmission casing 10, which also functions as a hydraulic servo cylinder for the second brake (B-2). 
[0077] Hence, in this embodiment the reduction planetary gear Gl and the planetary gear set G need to be 
arranged toward the inner-diameter side along the axial circumference to a maximum possible extent, for the purpose 
of realizing an absolutely compact speed-change mechanism. In terms of easiness of supply of hydraulic pressures and 
reduction of sliding friction of a seal ring, rt is desirable that the oil passages of the hydraulic servos 7, 6 and 5 for the 
respective clutches be connected to one another through a relative rotation portion having the smallest possible diam- 
eter. The hydraulic servos 7, 6 and 5 are arranged on the inner-diameter side along the axial circumference and axially 
in juxtaposition with the counter drive gear 1 9. If the effective diameter is taken into consideration in combination with 
the number of frictional members, it is advantageous that the frictional members 73. 63 and 53 of the respective 
clutches have a large diameter. The frictional members 73, 63 and 53 are arranged on the outer side in an overlapping 
manner. In the thus-obtained intermediate space, the two brakes (B-1, B-2) and the one-way clutch (F-1) are rationally 
arranged. Due to this construction, the effect of reducing the axial dimension to a maximum possible extent is achieved. 
[0078] In the aforementioned first embodiment since great importance is mainly attached to improvement of gear 
ratios and gear ratio steps of the speed-change mechanism, the reduction planetary gear G1 has a simple planetary 
gear construction. However, if great importance is attached to simplification of the coupling relationship between the 
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reduction planetary gear G1 and the planetary gear set G, It is also advantageous that the reduction planetary gear G1 
have a double pinion construction. Fig. 6 is a schematic sectional view of a speed-change mechanism according to a 
second embodiment, with the reduction planetary gear G1 having a double pinion construction. Herein, the description 
will be limited to what is different from the first embodiment. The carrier C1 , which is designed as the output element in 

5 the first embodiment is connected to the input shaft 11 as an input element The ring gear R1 , which is designed as the 
input element in the first embodiment, is connected to the decelerated rotation transmitting member 13 as an output ele- 
ment. If such a coupling relationship is adopted, with respect to an input from the rear side of the reduction planetary 
gear G1 , an output is led from the outer space to the rear side. Hence, there is no need to extend the decelerated rota- 
tion transmitting member 1 3 as far as the front side of the reduction planetary gear G1 , so that the decelerated rotation 

70 transmitting member 13 can be reduced in length. 

[0079] In accordance with such a change in coupling relationship, the cylinder 70 of the hydraulic servo 7 for the 
third clutch (C-3) is coupled on the inner side thereof to the carrier C1 of the reduction planetary gear G1. The drum 72 
is separated from the hydraulic servo 7. Accordingly, in this case, the engaging operation of the clutch is performed by 
clamping the frictional member 73 between the backing plate of the hub 74 and the piston 71, so that a thrust load is 

75 applied to the decelerated rotation transmitting member 1 3. This load is transmitted from the rear end of the decelerated 
rotation transmitting member 13 to the flange 11b on the rear side of the input shaft 11 through a thrust bearing. 
Through the input shaft 1 1 , the load returns to the cylinder 70 of the hydraulic servo 7 that is fixed to the front-side flange 
11a through the carrier C1 . In this manner, the thrust load constitutes a closed loop and is balanced without being 
applied to the transmission casing 10. 

20 [0080] Next, a reference will be made to Fig. 7, which is a schematic sectional view of a third embodiment wherein 
the axial length of the transmission has been reduced as a whole. In this embodiment the hydraulic servo 9 for the sec- 
ond brake (B-2) is provided on the outer side of the hydraulic servo 5 for the second clutch (C-2) in such a manner as 
to be built in the rear wall 1 0c of the transmission casing. In accordance therewith, the frictional member 93 of the brake 
(B-2) and the one-way clutch (F-1) are arranged in an inverted positional relationship to those in the first embodiment. 

25 A pressing portion of the piston 91 of the hydraulic servo 9 is elongated toward the frictional member 93 that is position- 
ally distant therefrom, passing through the outer space of the first clutch (C-1). 

[0081 ] Further, since the hydraulic servo has been changed in position as described above, the outer side behind 
the support wall lOe becomes free. In accordance therewith, the counter drive gear 19 is directly supported through a 
bearing on the outer of the boss portion that extends backwards on the inner side of the support wall 10e. Thereby the 
30 structure for coupling the ring gear R2 to the counter drive gear 1 9 is extremely simplified, so that the axial length of the 
transmission is further reduced. In other respects, the construction of the third embodiment is substantially the same as 
that of the first embodiment. 

[0082] Next, a reference will be made to Fig. 8, which is a schematic sectional view of a fourth embodiment wherein 
the reduction planetary gear G1 and the hydraulic servo 7 for the third clutch (C-3) are arranged in an inverted positional 

35 relationship to those in the first embodiment. In this embodiment, the hydraulic servo 7 for the third clutch (C-3) is sup- 
ported on the input shaft. In accordance therewith, an in -shaft oil passage 1 1d connecting the in-casing oil passage 1 0x 
with the hydraulic servo 7 is formed in the input shaft 11. Further, the output of the reduction planetary gear G1 is con- 
nected to the clutch drum 72, and the clutch hub 74 is connected to the coupling member 14. The brake drum of the 
first brake (B-1) that is coupled thereto is designed as a special drum covering the outer space the clutch drum 72. 

40 [0083] Further, the fourth embodiment adopts a construction wherein the hydraulic servo cylinder 90 for the second 
brake (B-2) is separately attached to the outer peripheral wall of the transmission casing 10. As is the case with the third 
embodiment, the fourth embodiment also adopts a construction wherein the counter drive gear 1 9 is directly supported 
through a bearing on the outer space of the boss portion that extends backwards on the inner side of the support wall 
10e. In other respects, the fourth embodiment is substantially the same as the first embodiment. 

45 [0084] Next, a reference will be made to Fig. 9, which is a schematic view of a fifth embodiment wherein all the com- 
ponents are arranged in an inverted positional relationship to those in the first embodiment as viewed in fore-to-aft 
directions (in left-and-right directions in the drawing). 

[0085] As for supporting of the counter drive gear 1 9 and the structures of the second brake (B-2) and the one-way 
clutch (F-1), the fifth embodiment adopts the same construction as in the third embodiment. That is, the counter drive 
so gear 19 is directly supported through a bearing on the outer space of the boss portion that extends forwards on the 
inner side of the support wall 1 0e. 

[0086] Next a reference will be made to Fig. 1 0, which is a schematic sectional view of a sixth embodiment wherein 
alt the components are arranged in an inverted positional relationship to those in the fourth embodiment as viewed in 
fore-to-aft directions (in left-and-right directions in the drawing). In this case, since the arrangement of the respective 
55 elements is obvious by contrast with Fig. 8 illustrating the fourth embodiment, the description thereof will be omitted. 
[0087] In the aforementioned six embodiments, the present invention is applied to a transversely mounted trans- 
mission. However, the present invention can also be applied to a longitudinary mounted transmission for a front-engine 
rear-drive (FR) vehicle. Fig. 1 1 is a skeleton diagram of a. seventh embodiment wherein the present invention is applied 
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to the vertically mounted transmission. In this case, Fig. 12 shows a relationship among gear ratios and gear ratio steps, 
and Fig. 13 is a speed diagram. The speed-change mechanism of this embodiment is also essentially the same as 
those of the aforementioned respective embodiments. However, the speed-change mechanism of this embodiment is 
different from them in two respects because of the vertically mounted transmission. First, the restriction on the axial 
length is loose in comparison with the case of the transversely mounted transmission. Therefore, a combination of the 
one-way clutch and the brake, which is the equivalent of the one-way clutch (F-1) provided in addition to the second 
brake (B-2) as in the foregoing embodiments, is also provided for the first brake (B-1) with a view to simplifying hydraulic 
pressure control at the time of a speed-change transition, especially at the time of an interchange speed-change oper- 
ation. Secondly, the ring gear R2 designed as an output element is connected to an output shaft 19A that is coaxial with 
the input shaft 11. 

[0088] In accordance with such addition of components, the second brake and the one-way clutch are designated 
differently from those in the foregoing embodiments. For this reason, in disregard for prolixity, the construction of the 
gear train will again be described with the intention of preventing confusion. 

[0089] Referring to Fig. 1 1 , according to the construction of this transmission, a torque converter 4 that is provided 
with a lock-up clutch connected to an engine (not shown) is arranged at the foremost portion thereof, and a speed- 
change mechanism that establishes six forward speeds and one backward speed is arranged at the rear portion 
thereof. 

[0090] As is the case with the foregoing embodiments, a planetary gear set G, which is a main constituent of the 
transmission, has a construction of a Ravigneaux type gear set, which is composed of a pair of sun gears S2, S3, a ring 
gear R2 (R3), a pair of pinion gears P2, P3 and a carrier C2 (C3). The diameter of the sun gear S2 is larger than the 
diameter of the sun gear S3. The pinion gears P2, P3 mesh with each other. One of the pinion gears P2, P3 meshes 
with the large^Jiameter sun gear S2 and the ring gear R2 (R3), and the other of the pinion gears P2, P3 meshes with 
the small-diameter sun gear S3. TTie carrier C2 (C3) supports the pinion gears P2, P3. A first speed-change element 
of the planetary gear set G, namely, the small-diameter sun gear S3 is connected to a first clutch (C-1). A second 
speed-change element namely, the large-diameter sun gear S2 is connected to a third clutch (C-3) and can be engaged 
to an automatic transmission casing 10 by a first brake (B-1) composed of a band brake. Furthermore, the large-diam- 
eter sun gear S2 can also be engaged to the automatic transmission casing 10 by a one-way clutch (F-1) and a brake 
(B-2) that are parallel to the first brake (B-1). The carrier C2 (C3), which is a third speed-change element, is connected 
to an input shaft 1 1 through a second clutch (C-2) and can be engaged to the transmission casing 1 0 by a second brake 
(B-3). Besides, the carrier C2 (C3) can be engaged to the transmission casing 10 by a one-way clutch (F-2) such that 
the carrier C2 (C3) can rotate in a single direction. A fourth speed-change element namely, the ring gear R2 (R3) is con- 
nected to an output shaft 1 9A. 

[0091] Likewise, a reduction planetary gear G1 is composed of a simple planetary gear. A ring gear R1 , which is 
designed as an input element of the reduction planetary gear G1 , is connected to the input shaft 1 1 . A carrier C1 , which 
is designed as an output element of the reduction planetary gear G1, is connected to the smalkiiameter sun gear S3 
through the first clutch (C-1) and is connected to the large-diameter sun gear S2 through the third clutch (C-3). A sun 
gear S1 , which is designed as a stationary element for gaining a reaction force, is fixed to the transmission casing 10. 
[0092] Fig. 12 is an engagement chart showing a relationship among engagement and release of the respective 
brakes and one-way clutches and established speed-change stages in the case of this automatic transmission. A white 
circle in the engagement chart represents engagement, a blank represents release, a white triangle represents 
engagement only at the time of engine braking, and a black circle represents engagement that does not directly affect 
establishment of a speed-change stage. Fig. 13 is a speed diagram showing a relationship among speed-change 
stages established through engagement of the respective clutches and brakes (black circles represent engagement 
thereof) and rotational speed ratios of the respective speed-change elements at that time. 

[0093] As can be understood by referring to both the drawings, a first speed (1st) is established by engaging the 
clutch (C-1) and the brake (B-3) (In this embodiment as can be understood by referring to the operational chart, the one- 
way clutch (F-2) is automatically engaged instead of engaging the brake (B-3). Although this embodiment uses different 
designations, it has already been described, with reference to the relationship between the brake (B-2) and the one-way 
clutch (F-1) in the foregoing embodiments, why the one-way clutch (F-2) is engaged and why the engagement of the 
one-way clutch (F-2) corresponds to the engagement of the brake (B-3)). In this case, the rotation that has been decel- 
erated from the input shaft 1 1 through the reduction planetary gear Gl is inputted to the small -diameter sun gear S3 
through the clutch C-1 . A reaction force is gained from the carrier C2 that has been stopped by engaging the one-way 
clutch F-2, and a decelerated rotation with a maximum deceleration ratio of the ring gear R2 (R3) is outputted to the 
output shaft 19A. 

[0094] Next, a second speed (2nd) is established by engaging the one-way clutch (F-1) and the brake (B-2). The 
engagement of the one-way clutch (F-1) corresponds to the engagement of the clutch (C-1) and the brake (B-1), and 
the engagement of the brake (B-2) makes the engagement of the one-way clutch (F-1) effective (It will be described 
later in detail why the engagement of the one-way clutch (F-1) and the brake (B-2) corresponds to the engagement of 
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the brake (B-1)). In this case, the rotation that has been decelerated from the input shaft 1 1 through the reduction plan- 
etary gear G1 is inputted to the small-diameter sun gear S3 through the clutch (C-1). A reaction force is gained from the 
large-diameter sun gear S2 that has been stopped by engaging the brake (B-2) and the one-way clutch (F-1), and a 
decelerated rotation of the ring gear R2 (R3) is outputted to the output shaft 19A. At this moment, as can be seen from 

5 Fig. 1 3, the deceleration ratio is smaller than that of the first speed (1 st). 

[0095] Further, a third speed (3rd) is established by simultaneously engaging the clutch (C-1) and the clutch (C-3). 
In this case, the rotation that has been decelerated from the input shaft 1 1 through the reduction planetary gear Q1 is 
simultaneously inputted to the large-diameter sun gear S2 and the small-diameter sun gear S3 through the clutch (C- 
1) and the clutch (C-3). The planetary gear set G then assumes a direct-coupled state. Thus, the rotation of the ring 

io gear R2 (R3), which is equal to the rotation inputted to both the sun gears, is outputted to the output shaft 19A, as a 
rotation that has been decelerated with respect to the rotation of the input shaft 11. 

[0096] Furthermore, a fourth speed (4th) is established by simultaneously engaging the clutch (C-1 ) and the clutch 
(C-2). In this case, on one hand, the rotation that has been decelerated from the input shaft 1 1 through the reduction 
planetary gear G1 is inputted to the sun gear S3 through the clutch (C-1). On the other hand, the non-decelerated rota- 
75 tion that has been inputted from the input shaft 1 1 through the clutch (C-2) is inputted to the carrier C3. An intermediate 
rotation of the two rotations thus inputted is outputted to the output shaft 1 9 A as a rotation of the ring gear R2 (R3) that 
has been slightly decelerated with respect to the rotation of the input shaft 1 1 . 

[0097] Next a fifth speed (5th) is established by simultaneously engaging the clutch (C-2) and the clutch (C-3). In 
this case, on one hand, the rotation that has been decelerated from the input shaft 1 1 through the reduction planetary 
20 gear G1 is inputted to the sun gear S2 through the clutch (C-3). On the other hand, the non-decelerated rotation that 
has been inputted from the input shaft 1 1 through the clutch (C-2) is inputted to the carrier C2. Thus, a rotation of the 
ring gear R2 (R3) that has been slightly accelerated with respect to the rotation of the input shaft 1 1 is outputted to the 
output shaft 19 A. 

[0098] Then, a sixth speed (6th) is established by engaging the clutch (C-2) and the brake (B-1). In this case, a non- 
25 decelerated rotation is inputted only to the carrier C2 from the input shaft 1 1 through the clutch (C2). A further acceler- 
ated rotation of the ring gear R2 (R3), which gains a reaction force from the sun gear S2 that has been stopped by 
engaging the brake (B-1), is outputted to the output shaft 19A. 

[0099] A reverse speed (R) is established by engaging the clutch (C-3) and the brake (B-3). In this case, the rotation 
that has been decelerated from the input shaft 1 1 through the reduction planetary gear G1 is inputted to the sun gear 
30 S2 through the clutch (C-3). A reverse rotation of the ring gear R2 (R3), which gains a reaction force from the carrier C2 
that has been stopped by engaging the brake (B-3). is outputted to the output shaft 19A. 

[0100] As described above briefly, the relationship between the one-way clutch (F-1) and the brakes (B-1 . B-2) will 
now be described. In this case, the direction in which the one-way clutch (F-1) connected to the sun gear S2 is engaged 
is made coincident with the direction in which the sun gear S2 supports a reaction torque at the time of the second 

35 speed. Thereby the one-way clutch (F-1) can perform substantially the same function as engagement of the brake (B- 
1). Unlike the carrier C2 (C3), the sun gear S2 is a speed-change element that is not only engaged to achieve an engine 
braking effect at the time of the second speed but also stopped to establish the sixth speed. Therefore, the brake (B-1) 
becomes necessary. Further, as can also be seen from the speed diagram in Fig 3, the sun gear S2 rotates reversely 
with respect to the direction of input rotation upon establishment of the first speed (1st). However, in the case of the third 

40 to sixth speed-change stages, the sun gear S2 rotates in the same direction as the direction of input rotation. Accord- 
ingly, the one-way clutch (F-1) cannot directly be connected to the stationary member. Thus, the one-way clutch (F-1) 
is arranged in series with the brake (B-2) so as to allow effectiveness of an engaged state to be controlled. 
[0101 ] The respective speed-change stages that are thus established constitute good speed steps with a substan- 
tially equal interval for the respective speed-change stages. This is qualitatively apparent from the speed diagram of 

as Fig. 13 by referring to the intervals among the white circles indicative of speed ratios of the ring gear R2 (R3) in up-and- 
down directions. If this relationship is quantitatively represented by setting concrete values, the gear ratios shown in Fig. 
12 are obtained. In this case, the ratio X\ of the number of teeth of the sun gear Si of the reduction planetary gear G1 
to the number of teeth of the ring gear R1 is set to 0.556, the ratio X2 of the number of teeth of the sun gear S2, which 
is the large-diameter sun gear of the planetary gear set G, to the number of teeth of the ring gear R2 (R3) is set to 0.458, 

so and the ratio X3 of the number of teeth of the sun gear S3, which is the small-diameter sun gear, to the number of teeth 
of the ring gear R3 is set to 0.375. The gear ratio width is 6.049. 

[0102] Next, a reference will be made to Fig. 14, which is a sectional view showing the structure of the automatic 
transmission more specifically. The respective components that have been described above with reference to the skel- 
eton diagram are denoted by the same reference numerals and will not be described again. However, the details that 
55 cannot be understood from the skeleton diagram will now be described. First of all, in this embodiment, the input shaft 
1 1 is supported on the front end side thereof by a boss portion 10a of the transmission casing through a bearing, and 
is supported on the rear end side thereof by a rear-side boss portion 10b of the transmission casing through the output 
shaft 19A. which is coaxial with the input shaft 1 1 . Hence, the rear end portion of the input shaft 1 1 is reduced in diam- 



13 



BP 0 997 663 A2 

eter, fitted into a shaft hole in the output shaft 19A, and supported by a bearing. The rear end portion of the input shaft 
1 1 is rotatably supported through the output shaft 19A by the rear-side boss portion 10b, which is elongated from a rear 
end wall portion 10c of the transmission casing 10. 

[0103] The front end portion of the output shaft 19A is rotatably supported by the rear-end boss portion 10b of the 
transmission casing 10 through a roller bearing, and the rear end portion of the output shaft 19A is rotatably supported 
through a ball bearing by an extension housing 10A, which is fixed to the rearmost portion of the transmission casing 
10. A flange at the front end of the output shaft serves as a coupling portion to the ring gear R2 (R3) designed as an 
output element of the planetary gear set G. The flange is connected to the ring gear R3 through a drum-like member. 
[01 04] This transmission adopts a construction wherein there is no support at the intermediate portion of the trans- 
mission casing 10. A hydraulic servo 9 constituting the second brake (B-3) is incorporated in a cylinder, which is an 
annular space surrounded by an outer peripheral wall on the rear side of the transmission casing 10, the rear end wall 
portion 10c and the rear-side boss portion 10b. Because of this arrangement of the hydraulic servo, a piston 91 of the 
hydraulic servo 9 is spaced far apart from a frictional member 93 that is arranged in front of the outer space of the plan- 
etary gear set G. Hence, the piston 91 of the hydraulic servo 9 has a pressing portion that is elongated along the outer 
space of the first and second clutches (C-1 , C-2) and the ring gear R2 (R3) of the planetary gear set so as to reach the 
end portion of the frictional member 93. 

[0105] In association with the coupling portion to the output shaft 19A of the ring gear R2 (R3) of the aforemen- 
tioned planetary gear set G and with the arrangement wherein the hydraulic servo 9 for the second brake (B-3) is incor- 
porated in the annular space on the rear side of the transmission casing 10, a hydraulic servo 5 for the second clutch 
(C-2) cannot be arranged on the rear-side boss portion 10b. Therefore, this embodiment adopts a construction wherein 
the hydraulic servo 5 is directly supported on the outer space of the rear end portion of the input shaft 1 1 . In accordance 
with this change in construction, an in-shaft oil passage 1 1e for servo pressure is formed in the rear portion of the input 
shaft 1 1 so as to supply the hydraulic servo 5 with a hydraulic pressure. An oil passage lOy in the boss portion commu- 
nicates with the oil passage 1 1 e through an oil passage extending across the output shaft 1 9A. 
[0106] In this embodiment, the one-way clutch (F-1) and the brake (B-2) are added. The one-way clutch (F-1) has 
a construction wherein an inner race thereof is fixed to a cylinder 70 of the third dutch (C-3) and wherein an outer race 
thereof is integrated with a hub of the brake (B-2). The one-way clutch (F-1) is arranged in front of the third clutch (C- 
3), namely, at the foremost portion of the speed-change mechanism. The brake (B-2), which engages the outer race to 
the transmission casing 10, is a multi-plate brake that has a frictional member supported by the outer race through 
engagement and a frictional member designed as a separator plate supported by an inner side spline of the transmis- 
sion casing 10 through engagement. A hydraulic servo for the brake (B-2) is equipped with a piston that is siidably fitted 
into a cylinder composed of a front end wall portion of the transmission casing 1 0 and with a return spring that abuts on 
the piston and is axially retained by the front end wall portion of the transmission casing 10. 

[0107] According to the seventh embodiment having such a construction, the frictional member 93 of the second 
brake (B-3) is arranged on the outer side that lacks the ring gear of the planetary gear set. The section on the outer 
space of the planetary gear set G, which is intrinsically a dead space, can effectively be utilized for arrangement of the 
frictional member 93. Therefore, the transmission can be shortened in the axial direction and in the radial direction. 
[0108] Furthermore, the second brake (B-3) has the frictional member 93 which is a multi-plate frictional member 
The hydraulic servo 9 for the second brake (B-3) is arranged at the rearmost portion of the transmission. Therefore, the 
rear end wall portion of the automatic transmission casing 10 can be used as a hydraulic servo cylinder. Unlike the case 
of a band brake, the hydraulic servo does not project out of the transmission casing, so that the space for a passenger 
compartment is not reduced. In the case of a band brake, if the band brake is engaged, a force in a certain direction is 
applied to the carrier on which the band brake is arranged. This adversely affects centering and supporting of the plan- 
etary gear set or supporting or centering of the input shaft which supports the planetary gear set. Hence, it is necessary 
to enlarge bushes.and bearings for supporting the input shaft and the planetary gear set or to enlarge the input shaft 
itself. However, since the second brake (B-3) is a multi-plate brake in this embodiment, the aforementioned measures 
need not to be taken. Thus, it is possible to realize a compact automatic transmission. 

[0109] Also in the case where the present invention is applied to such a vertically mounted transmission, various 
modifications are possible as in the case of a transversely mounted transmission. Examples of such modifications will 
be described hereinafter. First of all, a reference will be made to Fig. 15, which is a schematic sectional view of an 
eighth embodiment wherein the third clutch (C-3) and the reduction planetary gear Gl are positionally switched to each 
other. In this case, the mutual relationship between the third clutch (C-3) and the reduction planetary gear Gl , the rela- 
tionship of supporting of the third clutch (C-3) and the reduction planetary gear G1 , the relationship of coupling of the 
third clutch (C-3) and the reduction planetary gear Gl to the planetary gear set G. and the supply of a hydraulic pres- 
sure to the hydraulic servo 7 for the third clutch are the same as in the fourth embodiment shown in Fig. 8. 
[01 1 0] Next, a reference will be made to Fig. 16, which shows a ninth embodiment wherein despite substantially the 
same construction as in the eighth embodiment, the hydraulic servo 7 for the third clutch (C-3) is supported on a sup- 
port 1 0f. In this embodiment the hydraulic servo 7 for the third clutch is supported through a bearing by an outer space 
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of a boss portion extending forwards from the support 10f. In accordance therewith, the hydraulic servo 7 has been 
changed in arrangement so as to be directed forwards. Then, the front end of the drum 72 connected in a row arrange- 
ment to the outer side of the cylinder 70 of the hydrauiic servo 7 is elongated and connected to the inner race of the 
one-way clutch (F-1), which has not been changed in position. Because of this coupling relationship, the outer side of 
5 the reduction planetary gear G1 is closed by the clutch drum 72. Hence, the carrier C1 of the reduction planetary gear 
G1 is connected to the side of the clutch hub 74. 

[01 1 1 J In the case where this arrangement is adopted, because of the arrangement of the support 10f, it is inevita- 
ble to increase an axial length of the transmission correspondingly. However, since the hydraulic servo 7 is supported 
on the support 1 0f. it is possible to supply a hydraulic pressure from an in-support oil passage 10u to the hydraulic servo 

io 7 without the aid of the input shaft 1 1 . Thus, the arrangement of the oil passages in the input shaft and the front-side 
boss portion 10a can be simplified. Especially, this arrangement serves to reduce the length of the oil passage of the 
front-side boss portion 10a that is designed as an elongated portion of a body of an oil pump where oil passages nor- 
mally extend in an intricate manner. Therefore, this arrangement is effective in its capability to enhance a degree of free- 
dom of the construction of oil passages in the oil pump body. 

75 [01 1 2] Next a reference will be made to Fig. 1 7, which shows a tenth embodiment wherein despite substantially the 
same construction as in the ninth embodiment the second clutch (C-2) has been shifted to a location between the 
reduction planetary gear G1 and the third clutch (C-3). This embodiment is essentially different from the foregoing 
respective embodiments in that the input shaft 1 1 is divided into two portions. That is, power transmission is carried out 
in such an arrangement that the input shaft 1 1 extends across the second clutch (C-2). More specifically, the input shaft 

so 11 is divided into front and rear portions at a location where the hydraulic servo 5 for the second clutch (C-2) is 
arranged. The rear portion 1 1 B of the input shaft 1 1 is fitted into the front portion 1 1 A of the input shaft 1 1 and sup- 
ported by a bearing. The hydraulic servo 5 for the second clutch (C-2) is constructed immediately behind the flange 1 1 a 
that couples the input shaft 1 1 to the ring gear R1 of the reduction planetary gear G1 , with the outer of the front portion 
1 1 A of the input shaft and the coupling member serving as a cylinder. The frictional member 53, which is arranged on 

25 the outer space of its own hydraulic servo 5, is arranged such that the outer space of the frictional member 53 is sup- 
ported by the drum 52 fixed to the coupling member and that the hub 54 supporting the inner space of the frictional 
member 53 is fixed to the front end of the rear portion 1 1 B of the input shaft. 

[0113] As is apparent by referring to the engagement chart in Fig. 12, the rear portion 11B of the input shaft is 
stopped on the side of low-speed stages, namely, the first through third speed stages that do not necessitate power 

30 transmission through engagement of the second clutch (C-2). Thus, the tenth embodiment is advantageous in its capa- 
bility to reduce the weight and inertial force of the members that are caused to rotate in response to input rotation. 
[0114] Finally, a reference will be made to Fig. 1 8, which shows an eleventh embodiment wherein the first and third 
clutches are arranged adjacent to the planetary gear set in a gradual manner. In this embodiment the reduction plane- 
tary gear G1 and the second clutch (C-2) are arranged at the foremost portion of the speed-change mechanism. To be 

35 more specific, the second clutch (C-2) is arranged such that the hydraulic servo 5 therefor is also supported at the front- 
side boss portion 10a. The reduction planetary gear G1 is supported on the outer space of the boss portion extending 
forwards from the support 101 The hydraulic servo 5 for the second clutch (C-2) is connected to the flange 1 1a of the 
input shaft 1 1 , and the leading end side on the side of the opening of the clutch drum 53 is connected to the ring gear 
R1 of the reduction planetary gear G1. The frictional member 53 of the second clutch (C-2) is arranged at a substan- 

40 tially intermediate axial location between the hydraulic servo 5 and the reduction planetary gear G1 . The clutch hub 54 
is connected to the front end of the rear portion 1 1 B of the input shaft through a space between the hydraulic servo 5 
and the reduction planetary gear G1 . 

[0115] The hydraulic servo 7 for the third clutch (C-3) and the one-way clutch (F-1) are supported on the outer 
space of the boss portion that extends backwards on the inner side of the support 1 0f. The hydraulic servo for the brake 
45 (B-2) is incorporated in an annular space on the outer side of the support 10f. The carrier C1, which is designed as an 
output element of the reduction planetary gear G1 , is connected to the clutch hub 74 of the third clutch (C-3) through 
the inner space of the support 10f. The hub 74 is connected to the hydraulic servo 6 for the first clutch (C-1) through the 
decelerated rotation transmitting member 13. 

[0116] In addition to the fact that the length of the high-torque transmitting path on the clutch output side can be 
so minimized by arranging the first and third clutches adjacent to the planetary gear set G in a gradual manner as 
described above, the eleventh embodiment has the following advantages. That is, the hydraulic supply passages for the 
three clutches can be distributed in good balance, and the respective hydraulic servos can be supplied with hydraulic 
pressures and lubricating oil without providing a plurality of in-shaft oil passages that are parallel to the input shaft 1 1 . 
[011 7] The embodiments of the present invention in which modifications have been made in form, arrangement and 
55 coupling relationship of the components have been described in detail, it is to be noted herein, however, that these 
embodiments are just mere representative examples, and that the present invention should not be limited thereto. That 
is, the present invention can be implemented with various modifications in concrete construction within the scope as 
defined in respective claims. 
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[01 18] The present invention is intended to reduce the weight and size of a speed-change mechanism by shorten- 
ing a high-torque transmission system and to attenuate speed-change shock by reducing an inertia torque in a multi- 
stage vehicular automatic transmission. For this purpose, a vehicular automatic transmission is equipped with a plane- 
tary gear set that receives a decelerated rotation and a non-decelerated rotation as inputs and outputs a plurality of 

5 speed-change rotations, a reduction planetary gear, an input shaft that passes through an inner side of the planetary 
gear set, first and third clutches that couple the input shaft to two different speed-change elements of the planetary gear 
set respectively through the reduction planetary gear in an engageable and disengageabie manner, and a second 
clutch that couples the input shaft to the other speed-change element of the planetary gear set in an engageable and 
disengageabie manner. The reduction planetary gear and the third clutch for transmitting a high torque are arranged on 

jo one side of the planetary gear set., whereas the first, clutch for transmitting a high torque is arranged on the other side 
of the planetary gear set. 

Claims 

is 1 . A vehicular automatic transmission comprising: 



a planetary gear set receiving a decelerated rotation and a non-decelerated rotation as inputs and outputting 
a plurality of speed-change rotations; 

a reduction planetary gear arranged axially in juxtaposition with the planetary gear set; 
an input shaft passing through an inner side of the planetary gear set; and 

first and third clutches coupling the input shaft to two different speed-change elements of the planetary gear 
set respectively through the reduction planetary gear in an engageable and disengageabie manner, wherein: 
the reduction planetary gear and the third clutch are arranged on one side of the planetary gear set and the 
first clutch is arranged on the other side of the planetary gear set 



an output element of the reduction planetary gear passes through the inner space of the planetary gear set and 
is connected to the first clutch. 



3. The vehicular automatic transmission according to claim 1 or 2, wherein: 

the planetary gear set is equipped with at least four speed-change elements; 

the first speed-change element is connected to the reduction planetary gear by the first clutch in an engagea- 
ble and disengageabie manner; 

the second speed-change element is connected to the reduction planetary gear by the third clutch in an 
engageable and disengageabie manner and can be engaged to a transmission casing by first engage means; 
the third speed-change element is connected to the input shaft by a second clutch in an engageable and dis- 
engageabie manner and can be engaged to the transmission casing by second engage means; and 
the fourth speed-change element is connected to an output member. 

4. The vehicular automatic transmission according to claim 2, wherein: 

a clutch drum of the first clutch is arranged such that an opening side thereof faces the planetary gear set and 
is connected to an output member of the reduction planetary gear. 

5. The vehicular automatic transmission according to claim 2, wherein: 

a frictional member of the third clutch is arranged on an outer space of the reduction planetary gear; and 
a clutch drum of the third clutch is connected to an input member for the planetary gear set. 

6. The vehicular automatic transmission according to claim 5, wherein: 

one element of the reduction planetary gear (Ql) is constantly fixed to a boss portion that is elongated from 
the transmission casing (10); and 

a hydraulic servo (7) for the third clutch (C-3) is arranged on a boss portion on one side of the reduction plan- 
etary gear. (G1) 
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2. The vehicular automatic transmission according to claim 1 , wherein: 
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7. The vehicular automatic transmission according to claim 2, wherein: 

the hydraulic servo (7) for the third clutch (C-3) is arranged on an input shaft (1 1 ) on the other side of the reduc- 
tion planetary gear (G1); and 

the clutch drum (72) of the third clutch (C-3) is connected to the output member of the reduction planetary gear. 
(QD 

8. The vehicular automatic transmission according to claim 7, wherein: 

the frictional member (73) of the third clutch (C-3) is arranged on an outer space side of the hydraulic servo 
(C7) for the third clutch. (C-3) 

9. The vehicular automatic transmission according to claim 2, wherein: 

the second clutch (C-2), which couples the input shaft to the other speed-change element of the planetary gear 
set (G) in an engageable and disengageable manner, is arranged on the other side of the planetary gear set 
(G) with respect to the first or third clutch. (C-1 ; C-3) 

10. The vehicular automatic transmission according to claim 9, wherein: 

the frictional members (53, 63, 73) of the first through third clutches (C-1; C-2; C-3) are arranged on outer 
peripheries of other rotational members. 

11. The vehicular automatic transmission according to claim 10, wherein: 

the frictional member (63) of the first clutch (C-1) is arranged on the outer space of the planetary gear set; (G) 
the frictional member (53) of the second clutch (C-2) is arranged on the outer space of the hydraulic servo (6) 
for the first clutch (C-1); and 

the frictional member (73) of the third clutch is arranged on the outer space of the reduction planetary gear. 
(G1) 

12. The vehicular automatic transmission according to claim 1 1 , wherein: 

a hydraulic servo for a second engage means, which is a brake, is arranged on the outer space of the hydraulic 
servo for the second clutch. 

13. The vehicular automatic transmission according to claim 1 1 , wherein: 

the vehicular automatic transmission is a transversely mounted transmission having a differential device; and 
a differential ring gear (31) of the differential device is arranged at a location axially overlapping with the outer 
space of the hydraulic servo (7) for the third clutch (C-3) and the frictional member (73) of the third clutch. (C-3) 

14. The vehicular automatic transmission according to claim 9, wherein: 

the third clutch (C-3) and the reduction planetary gear (G) are arranged on a front side and the first and second 
clutches (C-1 ; C-2) are arranged on a rear side with respect to the planetary gear set; (G1) and 
the first engage means (B-1) is arranged on the radially outer space of the third clutch. (C-3) 

15. The vehicular automatic transmission according to claim 9, wherein: 

the first engage means (B-1) is a band brake. 

16. The vehicular automatic transmission according to claim 9, wherein: 

an oil passage (10x) leading to the hydraulic servo (7) the third clutch (C-3) and a lubricating oil passage com- 
municate with an in-casing oil passage in one casing wall; and 

oil passages leading to the hydraulic servos (6;5) for the first and second clutches (C-1 ; C-2) communicate with 
an in-casing oil passage in the other casing wall. 
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17. The vehicular automatic transmission according to claim 2, wherein: 



a counter gear (19) outputting an output of the planetary gear set (G) to another shaft is provided; and 
the counter gear (19) is arranged between the planetary gear set (G1) and the third clutch. (C-3) 



18 



EP0 997 663 A2 



FIG. 1 



0-1 
1 



C-2 

TI 



F-1 B-2 



C3- 



R2(R3) 

92 sz~ 



P2 



S3£f 



19 



hi 



C-3 



R1 



J2 



G1 




1 



21 



1 1 
2 



20 



31~ 



— Y 
22 



30 



j^-32 



T~ 

30 



— 2 



19 



EP 0 997 663 A2 



FIG. 2 
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